Recent studies from this laboratory indicate that the concentrating ability of the diseased kidney in the dog is not markedly impaired when the contralateral kidney is intact and the internal environment remains essentially normal ( 1 ) . These data suggested that the direct effects of the pathological processes on the structural integrity of the functioning nephrons did not render the concentrating mechanism impotent. The present studies represent an attempt to obtain additional information about the functional characteristics of the concentrating mechanism in the dog with experimentally induced renal disease. The majority of experiments have been performed on animals with one of several types of unilateral renal parenchymal disease. In addition, observations have been made on dogs with unilateral hemiinfarcted kidneys and with bilateral renal parenchymal disease.
METHODS
Experiments were performed on young adult female dogs, maintained on standard dog chow with supplementary horse meat. The following experimental preparations were employed.
1. Unilateral renal disease. Three forms of chronic unilateral renal disease were induced: a) pyelonephritis; b) antikidney serum glomerulonephritis; and c) aminonucleoside-nephritis. The techniques for producing these lesions have been described in detail in previous publi-* Supported by the National Institutes of Health, Grant A-3667 (C3), and the Department of the Army, Research (2) (3) (4) . In each form of disease, the experimental kidney became contracted and demonstrated marked anatomical abnormalities of the remaining renal parenchyma. The nature of the histological changes varied with the type of underlying disease. In all animals, the contralateral control kidney remained free of significant disease.
2. Unilateral hemi-infarcted kidney. Unilateral hemiinfarction was produced by ligating one of the two. mnajor branches of one renal artery. The infarcted area was well delineated and involved the entire lateral half of the kidney. The experimental kidney ultimately became contracted but the persisting nephrons demonstrated no anatomuical abnormalities. The contralateral kidney was unaltered.
3. Bilateral renal disease. Bilateral disease was produced by applying the method for the induction of unilateral pyelonephritis to both kidneys during the same operative procedure.
In all animals with uniilateral renal disease or unilateral hemi-infarction, a preliminary bladder-splitting procedure was performed and two permanentt hemibladders were constructed. Each of the latter drained urine from one kidney and permitted the simultanous study of the separate kidneys. The details of this preparation have been previously described (1, 4) . When bilateral disease was produced, the urethra was ligated and divided and a permanent polyethylene cystotomy tube, similar to those used in the hemibladders, was employed. This resulted in permanent contraction of the bladder, thereby reducing bladder dead space; it also facilitated free drainage of urine with the dog in the standing position.
Preliminary clearance studies were performised prior to induction of disease. In the animals with divide1 .
bladders, only those with bilaterally equal functions were accepted for further study. Studies after induction of disease were performed from 7 to 240 days subsequent to initiation of the renal lesion. The majority of experiments were performed on unanesthetized, standing anrimals which were loosely supported by an abdominal sling. Certain of the experiments involving unilateral renal artery constriction were performed on anesthetized animals; however the effects of unilateral renal artery constriction and/or aortic conistriction were also oh- 12 .5% solution at 5.0 ml/min; 100 mU of vasopressin was administered as a priming dose and 1 mU/min was infused in the sustaining solution.
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served in unanesthetized dogs. Two techniques were used for renal artery constriction. a) The artery of the diseased kidney was exposed prior to initiation of clearance measurements and an arterial clamp was placed about it. This was then tightened under direct vision. b) A polyethylene band, which attached to an external screw clamp device, was placed about the renal artery several days in advance of clearance measurements. Aortic compression was also accomplished with a polyethylene band, placed about the aorta proximal to both renal arteries. The two ends of this constricting band vere brought to the exterior posteriorly on either side of the spine and were permanently secured. Compression was accomplished with a screw clamp which attached reversibly to the band.
Further details of the experimental procedures employed have been described (1, 4) . Creatinine was determined according to the method of Bonsnes and Taussky (5); para-aminohippurate (PAH) was determined according to the method of Smith and associates (6) ; osmolalities were measured using a Fiske osmometer; sodium and potassium were analyzed with an internally compensated Baird flame photometer, and urea was determined manometrically according to the method of Van Slyke and Kugel (7) . Moreover, the urinary sodium concentration (UNa) of the diseased kidney was greater than that of the normal organ, whereas the urinary osmolality (Uosm) was less.
RESULTS

In
Results similar to those shown in Table I have been observed with a high degree of consistency during mannitol diuresis in animals with unilateral renal disease irrespective of the nature or pathological characteristics of the underlying renal lesion. Moreover an identical pattern has emerged during glucose diuresis, and with the exception of urinary sodium concentration, the same differences have been noted during the infusion of hypertonic saline.' A group plot of 30 experiments on 17 dogs undergoing solute diuresis is shown in Figure 1 .
Unilateral hemi-infarcted kidneys. The general comparability of values between the diseased and normal kidneys of individual dogs, as well as the consistency of the differences, provide presumptive evidence against randomly distributed anatomical abnormalities. More direct evidence that structural damage need not be invoked to Table IV . The first experiment (Table IV-A) was performed with the aortic clamp in place but without aortic constriction. The second experiment (Table IV-B) was performed on the following day with the aorta constricted sufficiently to permit approximation of maximal urinary osmolalities for the diseased and normal kidneys in the hydropenic state. The latter data are presented in detail in Table VII . In the absence of aortic constriction the typical differences between the diseased and normal kidneys existed. During aortic constriction, however, all of the differences were considerably reduced and in two of the five clearance periods, values for TCH2o/GFR were essentially the same for the diseased as for the normal kidney.
Arterial compression during urea diuresis. The effects of compression of the renal artery and the aorta have also been examined during urea infusion. A representative experiment on a dog with unilateral renal disease subjected to constriction of the renal artery of the diseased kidney is shown in Table V-A. As in the mannitol experiments, arterial compression diminished the differences between the two kidneys, but the changes are not marked. However under identical experimental conditions, comparable results were obtained in the dog with a unilateral hemiinfarcted kidney (Table V-B) and also in the dog with two normal kidneys (Table V-C).
In the normal dogs subjected to unilateral renal artery compression during urea infusion, Levinsky, Davidson and Berliner have noted a marked rise in Uosm of the experimental kidney relative to the contralateral control organ (8) . The explanation for the discrepancy between these data and those presented in Table V -C is not im- 
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..m~~~~~~~a Table I ); V =urine flow; Purea.=plasma urea concentration; Uurea =urine urea concentration. The right kidney (i.e., the control kidney) was surgically removed 12 days before the experiments. Two days before the experiments a band was placed about the renal artery of the left kidney which could be constricted with the dog in the unanesthetized state. Glomerular filtration rate of the two kidneys prior to induction of unilateral renal disease was 47 ml/min. Glomerular filtration rate of the remaining pyelonephritic kidney was 16.0 ml/min.
P1 asma creatinine was 0.84 mg/100 ml in the control state and 1. 73 mg/100 ml at the time of the experiment.
than for the normal kidney. In Table VII animal as well as in the majority of other dogs on which this experiment was performed, the suppression of TCH2o/GFR was more marked in the diseased kidney.
In the normal hydropenic dog marked constriction of the renal artery during low rates of urine flow results in a decrease in urinary osmolality (8) . In Table IX , the effects of renal arterial constriction are shown in an unanesthetized dog with unilateral pyelonephritis in which the intact kidney had been removed surgically 12 days in advance of the study. The GFR of the remaining kidney was 16 ml per minute whereas the combined GFR of both kidneys in preliminary control studies was 47 ml per minute. With moderate arterial constriction Uosm increased; however, with more marked constriction Uosm diminished and remained depressed. (13) have established the fact that the concentration of urine in the mammalian kidney involves the elaboration of a hypertonic interstitial fluid in the renal medulla and the subsequent diffusion of water out of the collecting ducts into the hypertonic milieu. The elaboration of the hypertonic medullary interstitium appears to depend in large part upon the reabsorption of sodium presumably in the ascending limb of the loop of Henle; the diffusion of water across the collecting ducts is facilitated by the action of antidiuretic hormone (ADH) on the water permeability of this segment. The vasa recta are thought to contribute to the maintenance of a hypertonic medullary fluid by virtue of a countercurrent exchange mechanism oper-ating between the two limbs of the hairpin capillary loops. 3 Within the framework of these concepts, a number of specific factors may contribute to a diminished ability to concentrate the urine in chronic renal disease. These include: 1) impaired transport of sodium into the inner medulla; 2) impaired permeability of the collecting ducts to the passive diffusion of water despite maximal ADH activity; 3) alterations in the spatial relationship between the loops of Henle, the collecting ducts and the vasa recta in the inner medulla; 4) continuing high rates of solute excretion per functioning nephron; 5) failure to achieve osmotic equilibrium between the urine and the medullary interstitium despite anatomical integrity of the constituent parts; and 6) augmented rates of vasa recta blood flow.
The present observations permit an evaluation of the significance of certain of these factors in the dog with experimental renal disease.
1. The possibility that sodium transport out of the tubular urine and into the inner medulla was markedly impaired is considered unlikely for the following reasons. a) In the animals with unilateral renal disease, the diseased kidneys have retained the ability to elaborate a urine distinctly hypertonic to the plasma. Presumably the osmolality of the medullary interstitial fluid was at least as great as that of the final urine; and it may be assumed that the medullary hypertonicity was produced primarily by means of sodium transport into the medulla. b) Present evidence suggests that the dilution of urine involves active reabsorption of sodium in the loop of Henle (and probably in the distal segments) without simultaneous removal of water. Studies previously reported from this laboratory (1) have demonstrated that the diseased kidney in the animal with unilateral renal disease not only can dilute the urine effectively but the values for free-water clearance per unit of glomerular filtrate characteristically have been greater for the diseased kidney than for the contralateral normal organ.
2. The possibility that pathological changes rendered the collecting ducts impermeable to backdiffusion of water seems unlikely in view of the continuing ability of the diseased kidneys to elabo-rate a urine of high osmolality during conditions of hydropenia. Moreover, during high rates of urine flow induced by mannitol, urea, glucose or sodium chloride infusion, the existence of values for Tce2o/GFR within the normal range provides strong evidence in favor of the continuing l)erimieability of the collecting ducts to water. 4 3. The persisting ability of the diseased kidneys to concentrate the urine in the present experiments also militates against the possibility that the spatial relationships between loops of Henle, vasa recta and collecting ducts were severely distorted as a consequence of fibrosis or other pathological changes in the inner medulla.
4. The present data are not inconsistent with the possibility that continuing high rates of solute excretion (per nephron) may represent a major factor in the genesis of the concentrating changes of chronic renal disease. In all animals, the slightly decreased concentrating ability of the diseased kidney (relative to the normal kidney) was associated with the excretion of a greater fraction of filtered solute by the diseased organ.
MIoreover, during experimentally induced osmotic diuresis, values for Uosm decreased predictably toward the plasma osmolality in the diseased as well as in the normal kidney. Because the total nephron population (i.e., diseased plus normal kidney) invariably exceeded 50 per cent of the 4 It is implicit in this assumption that marked absolute falls in TcH2o in the diseased kidneys do not represent decreased concentrating capacity if they are proportional to falls in GFR. The basis for this contention may be briefly considered. The decrease in values for GFR in the experimentally diseased kidneys has been accompanied by proportional falls in values for a number of tubular functions. Thus the ratios for GFR/TmPAH, GFR/Tmgiucose and GFR/Tmp,,osp,.te remain the same in the diseased kidneys as in the contralateral normal kidneys. Preliminary observations also indicate that ammonia and titratable acid excretion per unit of glomerular filtrate remain equal bilaterally (15) . These data suggest that the values for GFR in the diseased kidneys provide an index of the population of residual functioning nephrons;
and absolute values for TCHO must decrease as the nephron population decreases. Using TcH.o/GFR as a means of comparing the concentrating power of different kidneys, ranging from normal to severely contracted chronically diseased organs, it is apparent that TCHn0 does decrease in proportion to GFR (see Figure 1) . That other factors may influence TcH20 in the diseased kidney (e.g., GFR per nephron, solute excretion, and so forth) is evident, and the present studies represent an attempt to delineate these factors.
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original number, the continuing solute diuresis, which is seen under basal conditions in advanced chronic bilateral renal disease, did not occur. However, it is well documented that in the presence of solute diuresis the maximal attainable urinary osmolality decreases toward isotonicity as the rate of solute excretion increases, even if all constituent parts of the concentrating process are capable of normal operation (i.e., in the normal kidney). 5 5. The possibility that under certain conditions osmotic equilibrium may fail to occur between the urine and medullary interstitium, despite the anatomical integrity of the constituent parts of the concentrating process, is suggested by recent observations on normal individuals (16, 17) . These studies have demonstrated that extremely high rates of solute excretion induced by mannitol infusion may be associated with decreasing values for TCH2O. Perhaps the best explanation for this phenomenon is that the flow rate through the nephron is so brisk that the urine does not return to isotonicity in the distal tubule, and hypotonic urine enters the collecting ducts. The subsequent removal of water from the collecting ducts might then occur without raising the final osmolality of the urine to values appreciably in excess of plasma. Under these conditions it is likely that osmotic equilibrium between the collecting ducts and the medullary interstitium fails to occur.
In the present animals the number of functioning nephrons was never diminished sufficiently to evoke basal rates of solute excretion (per nephron) comparable with those achieved during massive osmotic diuresis in the normal animal or human. However, it is conceivable that, in bilateral renal disease, isotonic or even hypotonic urine could result, in the presence of ADH, despite the intrinsic integrity of the concentrating mechanism. 6 . The possibility that vasa recta blood flow was increased in the experimentally diseased kidneys could not be evaluated with existing experimental techniques. However, there are certain considerations which suggest that this phenomenon may have occurred. It has long been suspected that glomerular filtration rate increases in the surviving nephrons of the diseased kidney as an adaptive change (18, 19) and certain of the observations in the present studies are consistent with the thesis that GFR per nephron might be greater in the diseased kidneys than in the contralateral control organs." If GFR per nephron is indeed increased, renal plasma flow per nephron must also be increased because of the fact that filtration fractions typically have been the same for the diseased kidneys as for the normal organs. Finally, if total renal plasma flow per nephron is increased, it is conceivable that vasa recta blood flow may share in this increase. If the flow of blood through the vasa recta was increased in the diseased kidneys, the osmolality of the medullary interstitium would have been diminished despite a constant and maximal transport of sodium from the tubular urine into the inner medulla. This would contribute to a lowering of maximal urinary osmolaltiy.7 It also seems reasonable that vasa recta blood flow may be increased (perhaps markedly) in bilateral renal disease, particularly when the latter is advanced and associated with a continuous solute diuresis. In this regard, Gottschalk has noted an increased velocity of blood flow through the vasa recta of the exposed hamster papilla during high rates of solute excretion (20) .
In the present studies it is apparent that the structural alterations of three forms of experi- 6 These observations include: a) Greater values for Cosm/GFR and for UNaV/GFR for the diseased than for the control kidneys. b) The narrowing of all differences between the diseased and normal kidneys during mannitol diuresis by decreasing the GFR of the diseased organ. c) Similar narrowing of differences by aortic constriction during the latter experiments. (If GFR per nephron were greater in the diseased than in the control kidney, the decrease in hydrostatic pressure produced by aortic compression might be expected to diminish the difference.) d) In the dog with two normal kidneys, experimental reduction of GFR to one kidney (by renal artery compression) is attended by the emergence of differences between the two kidneys for Cosm/GFR, UNaV/GFR, Uosm and UNa (8) . The values for the control kidney, which may be assumed to have the greater GFR/nephron, bear the same relationship to the contralateral kidney as do the values for the diseased kidney to its contralateral organ in the present studies. 7 Berliner and co-workers (12) have postulated that the maximal concentration of the urine is inversely proportional to some power of the vasa recta blood flow between 1 and 2. mental renal disease did not result in marked impairment of urine concentrating ability. However, the diseased kidneys, when compared with the contralateral normal organs, did exhibit a limited decrease in concentrating capacity. The experimental observations therefore may be examined for information relevant to the nature of this alteration in function.
During high rates of solute excretion, values for Uosm and TCH2o/GFR have been somewhat lower for the diseased than for the normal kidneys.
On the other hand, the fraction of filtered solute (and of filtered sodium) excreted by the diseased kidneys has been greater; and despite the presence of lower urinary osmolalities, values for urinary sodium have been greater. The fact that similar differences existed between the hemi-infarcted kidneys and the contralateral normal kidneys suggests that the differences need not relate to structural abnormalities in the residual nephrons of the contracted organs. Moreover, the fact that all of the differences could be reduced experimentally by decreasing the filtration rate of the diseased kidney suggests that they may relate, at least in part, to functional adaptations in a kidney with a diminished population of nephrons. Theoretically a greater filtration rate per nephron in the contracted kidney than in the contralateral intact organ could account for the majority of these differences.8 Thus a greater GFR per nephron would be expected to result in a greater volume of intratubular urine entering each segment of the nephron. Sodium and water reabsorption might proceed isosmotically in the proximal tubules of both kidneys, but the volume of urine entering the loops of Henle would be greater in the diseased kidney. Within the loops, the rate of sodium transport from tubular urine to medullary interstitium may be comparable bilaterally, 8 It is also possible to explain the differences on the basis of a greater filtration rate per unit of tubular function (e.g., an unchanged GFR with suppressed tubular function). However, the consistency of the relationships between GFR and solute excretion in the diseased kidneys (relative to the normal kidneys), as well as previous observations on the interrelationships of glomerular and tubular functions (21) would require a remarkably uniform degree of tubular suppression. Moreover, because of the identity of functional patterns in each of the three lesions studied, this would have to be independent of the histological details of the underlying disease.
and equivalent amounts of sodium may also be reabsorbed in the distal segments. Moreover, under the influence of ADH, water may diffuse out of the distal tubules of both kidneys until the urine becomes isosmotic. However, the fluid entering the collecting ducts of the diseased kidney would be greater in volume, and in the presence of an unreabsorbed solute such as mannitol or glucose, it would have a higher sodium concentration.9 Free-water might then diffuse out of the collecting ducts and into the medullary interstitium until osmotic equilibrium occurred bilaterally. The diseased kidney thus would excrete a greater fraction of its filtered solute and of its filtered sodium; its final urine would have a lower osmolality and the urinary sodium concentration might be greater.
The foregoing sequence of events should re- The present observations, in concert with studies previously reported (1) provide evidence that the concentrating ability of the experimentally diseased kidney in the dog is not markedly impaired when the contralateral kidney is intact and the internal environment remains essentially normal. Comparison of the concentrating ability of the diseased kidney with that of the normal kidney, however, did reveal certain differences. In the hydropenic state this was reflected by a lower value for maximal urinary osmolality; and during high rates of urine flow induced by mannitol infusion, values for TCH2O/GFR were less for the diseased kidney. The slightly lower values for TCH2o/GFR characteristically were associated with the excretion of a greater fraction of filtered solute and sodium, lower urinary osmolalities and higher urinary sodium concentrations. These same differences have been noted between hemiinfarcted kidneys (in which the residual nephrons are free of a progressive renal disease) and the contralateral normal kidneys. Moreover, the differences could be diminished substantially by decreasing the filtration rate to the diseased kidney through experimental constriction of the renal artery and also by constriction of the aorta. The data indicate that the structural abnormalities of the three forms of experimental renal disease did not render the concentrating mechanism impotent. It has also been suggested that the modest diminution in concentrating ability (and the associated changes in solute excretion) in the diseased kidneys may have been related, at least in part, to functional adaptations in intact residual nephrons.
